W e studied prospectively a consecutive series of 50 patients with chronic osteomyelitis. Patients were allocated to the following treatment groups: 1) wide resection, with a clearance margin of 5 mm or more; 2) marginal resection, with a clearance margin of less than 5 mm; and 3) intralesional biopsy, with debulking of the infected area. All patients had a course of antibiotics, intravenously for six weeks followed by orally for a further six weeks. No patients in group 1 had recurrence. In patients treated by marginal resection (group 2), 8 of 29 (28%) had recurrence. All patients who had debulking had a recurrence within one year of surgery. We performed a survival analysis to determine the time of the recurrence of infection. In group 2 there was a higher rate of recurrence in type-B hosts (p < 0.05); no type-A hosts had recurrence. This information is of use in planning surgery for chronic osteomyelitis.
The management of chronic osteomyelitis continues to pose a major challenge for orthopaedic surgeons. Throughout the world chronic osteomyelitis is most commonly of haematogenous origin. In countries where effective antibiotics are administered in the early stages of acute osteomyelitis, the incidence of chronic osteomyelitis has decreased. In these countries it occurs after trauma in relation either to open fractures or to internal fixation.
Since the work of Stark 1 over 50 years ago, the emphasis of the surgical management of chronic osteomyelitis has been on radical excision of bone to achieve control of the infection. Aggressive skeletal debridement, however, often leads to significant segmental defects which require complex reconstruction, with prolonged treatment times and significant morbidity. [2] [3] [4] A decision to perform such extensive surgery should therefore be based on the likely duration of treatment and the possible morbidity, and also on a knowledge of the likelihood of achieving control of infection. To our knowledge, the effect of the extent of surgery on the incidence of recurrence of infection in patients with chronic osteomyelitis has not been investigated. We therefore studied, prospectively, a consecutive series of 50 patients with chronic osteomyelitis treated by either wide resection of bone, by marginal resection, or by intralesional biopsy, in order to determine the effectiveness of the control of infection in these different treatment groups.
Patients and Methods
There were 39 men and 11 women with a mean age at presentation of 49 years (13 to 82). The diagnosis of chronic osteomyelitis was made on the basis of clinical presentation and imaging, and confirmed bacteriologically and histologically from intraoperative specimens. The aetiology of the chronic osteomyelitis was post-traumatic in 31 patients (62%), haematogenous in 12 (24%) and by spread from an overlying ulcer in seven (14%).
Both systemic and local factors may influence the development and natural history of chronic osteomyelitis. We classified our patients as type A or type B according to the system of Cierny and Mader. 5, 6 In type A there were no adverse factors. The factors categorising a patient as type B and the number of patients with specific factors are shown in Table I . Depending on the anatomical location of disease, the extent of the osteomyelitis, the patients' age and comorbidity, and their preference of treatment options, a decision was made about surgical intervention. The patients were prospectively classified at the time of surgery into the three groups by the senior author (AHRWS). Group 1 (wide excision). All necrotic and infected bone was excised with 5 mm or more of clearance. The remaining bone was clearly viable with good punctate bleeding. Group 2 (marginal excision). All necrotic and infected bone was excised, but with less than 5 mm of clearance.
Further excision of bone would have necessitated segmental excision and therefore considerably increased the morbidity. In some cases there were areas where the bone bleeding was uncertain. Group 3 (intralesional biopsy). In patients in whom the benefits of surgery were felt to be outweighed by the potential morbidity of the treatment, pus was drained, infected tissue debulked, small sequestra removed and a thorough lavage performed.
In all cases sufficient cortex was removed to allow a good view of the bone, which was possible through a unicortical window in cases in groups 2 and 3, but more commonly involved more extensive removal of cortical bone. There were 15 (30%) patients in group 1, 29 (58%) in group 2 and six (12%) in group 3. All wound edges and sinus tracks were excised and the adjacent soft tissue was resected back to tissue that bled briskly.
All patients had MRI studies as part of the preoperative planning to determine the likely extent of bone resection. When there was a normal medullary fat signal the adjacent cortical bone was considered to be healthy. MRI was less useful in patients in whom there were areas of abnormal signal or artefact from previous metal implants. The actual extent of bone resection was determined at the time of surgery. MRI was also of value in delineating latent extraosseous collections of pus. If the soft-tissue defect exceeded the predicted bone defect, the patients were also assessed before surgery by a plastic surgeon.
At operation five specimens of tissue were collected, each with separate instruments, and sent for microscopy, aerobic and anaerobic culture, and for analysis of antibiotic sensitivity. Further specimens were sent for histological examination to confirm that the appearance was consistent with osteomyelitis, and to look for organisms.
Obliteration of dead space after debridement was achieved by reconstructive procedures involving either bone (shortening, corticotomy and distraction) or soft tissues (local myoplasties or free flaps), or direct skin closure with gentamicin-impregnated polymethylmethacrylate beads placed in the defect, but protruding through the wound. These beads were gradually removed over the ensuing two weeks to allow granulation tissue to fill the defect.
After surgery broad-spectrum antibiotics were administered intravenously to all patients. This was modified after the results of cultures and sensitivities were obtained and continued for six weeks. With those antibiotics for which the toxic level was near the treatment range, the serum levels were checked weekly. In most patients intravenous treatment was carried out on an outpatient basis supervised by a home intravenous therapy team. The patients were thereafter given antibiotics orally for six weeks.
All patients were followed up regularly, with a mean length of follow-up of 26.2 months (12 to 48). Recurrence of infection was diagnosed by local signs and symptoms of infection, sinus formation or drainage, a raised level of Creactive protein or ESR, or of systemic symptoms such as a fever for which no other cause could be found.
Results
The clinical details and the outcome of treatment for all patients are given in Table II .
There were no recurrences in patients in group 1, whereas eight of 29 (28%) in group 2 had recurrence of infection. The difference in the rate of recurrence between the two groups was statistically significant (chi-squared test, p < 0.05).
A comparative analysis of variables previously reported to affect the rate of recurrence, including age, the aetiology and the site of the osteomyelitis, the Cierny and Mader classifications, 5, 6 (Table I ) the host status, 7 the duration of the osteomyelitis and causative organisms showed no significant differences between groups 1 and 2. Therefore, it is likely that the differences in rates of recurrence are a true reflection of the effect of the extent of surgery. Despite accurate microbiological diagnosis from intralesional biopsy and of appropriate antibiotic therapy for three months, all patients in group 3 had a recurrence of infection within the first year of follow-up (Table II) . A statistically significant difference in the rate of recurrence was evident in all three treatment groups (chi-squared test, p < 0.05). To highlight the effect of treatment on the rate of recurrence, a 'survival analysis' was performed to illustrate the disease-free intervals for the three groups (Fig. 1) . Patients in group 2 were further analysed to determine factors which might affect the likelihood of recurrent infection. The factors studied included the aetiology and the site of the osteomyelitis, the Cierny and Mader class of osteomyelitis, host comorbidity, the duration of the infection and the causative organisms. Those factors found to be significantly related to the recurrence of infection were comorbidity 7 and the duration of osteomyelitis before surgical intervention. Patients with a normal physiological response to infection and surgery were designated class-A hosts.
Compromised patients with local, systemic or combined deficiencies of wound healing were considered class-B hosts. In patients in group 2 without recurrence of infection, 13 (62%) were type-A hosts and eight (38%) were type-B hosts. All eight patients with recurrent infection were type-B hosts. This difference was statistically significant (chi-squared test with correction of continuity, p < 0.01). The duration of osteomyelitis was determined as the time from the first onset of symptoms to the time of surgical intervention. For patients in group 2 in whom no recurrence of infection occurred, the mean duration of osteomyelitis was 5.3 years (1 to 23). For those with recurrent infection, it was 14.6 years (2 to 36). This difference was significant (Student's t-test, p < 0.02).
Discussion
It is essential to remove all necrotic and infected bone when treating osteomyelitis. Although the importance of this principle is stressed in the relevant literature, the method of determining the excision margins is often not stated. 1, 8 Many techniques have been used to determine whether bone is alive or dead, including non-vital dye, 9 laserDoppler flowmetry 10 and the radiological appearance described as sclerosis. 11 The technique most commonly used, however, is the appearance of the bone at the time of surgery, and the presence of punctate bleeding ('paprika sign'). 2, 7, [12] [13] [14] We used this technique to assess whether or not the bone was viable. In all three groups appropriate antibiotics were given for six weeks intravenously and then orally for six weeks. Despite this chemotherapeutic regime with antibiotic delivered parenterally for a prolonged period of time and accurate monitoring to ensure that the levels were in the therapeutic range, all patients in group 3 had recurrence of osteomyelitis. This suggests that even with modern chemotherapeutic regimes, the degree of surgical clearance remains critical. Survival analysis is commonly used, especially in oncology, to describe the number of recurrences of disease, and also the length of time that the disease had remained under control. We used calculations from the survival table to provide information about the number of recurrent infections and the length of time that the various types of surgical clearance provided control of the infection. This approach has also been used to analyse a mixed series of acute and chronic infections 15 and found to be useful. Most of the infections recurred within one year of surgery, which is usual. 15 Of our 14 patients who suffered a recurrence, however, in one this was late, 21 months after surgery. In the 44 patients who had a wide or marginal resection, there were eight (18%) recurrences. Swiontkowski et al 16 reported a recurrence rate of 9% in adult cases of osteomyelitis, but their follow-up ranged from 0 to 62 months and they did not state the host category. Some of these patients had an infected nonunion and would normally be treated with a wide resection. Kelly 10 reported a rate of success of 86% in femoral and tibial nonunions followed up for two years, Cumulative infection-free period for patients with chronic osteomyelitis treated by wide resection, marginal resection or intralesional debulking.
and Cierny 17 reported a success rate of 93% in infected nonunion in patients in whom all necrotic and ischaemic tissue had been excised. There was a minimum follow-up of five years without any recurrences at two years, which is similar to the results of our group undergoing wide resection. The duration of the infective process also adversely affected the prognosis. It has been suggested that prolonged infection causes increased sclerosis and scarring of the softtissue envelope, making the infection more resistant to treatment. 18 Alternatively, it is possible that these patients had disease which had not been eradicated before attending the tertiary referral centre, either because they had hidden areas of disease or because the causative bacteria were difficult to culture or treat. The local or systemic immune response of some patients may be suboptimal which may lead to higher recurrence rate. 10 We found that the type of host had less bearing on the outcome when patients had a wide (group 1) rather than a marginal excision (group 2). In group 2, significantly more of the type-B hosts had recurrence of infection (50%) compared with type A (0%). Walenkamp 14 has suggested that there is a gradual transition between dead and viable bone. Some of the specimens taken in this study showed the bone to be partly necrotic and partly viable, which would support his hypothesis. It is possible that type-A hosts are able to resorb a microscopic amount of non-viable bone more quickly when compared with type-B hosts. This could then account for the difference in the rates of recurrence observed with the different types of host. We used the same principles of treatment for patients with infected nonunion. As these patients do not have skeletal integrity, it is not possible to carry out a marginal procedure and leave the patient with an intact bone. A wide clearance of the bone was therefore carried out in all patients with infected nonunion.
In planning the management of patients with chronic osteomyelitis it is important to take into account the morbidity that the disease is causing, the type of host, and the magnitude of the proposed surgical procedures. Our study provides valuable information on the prognosis after surgical procedures of different magnitude in different hosts. As a result of this study we have altered our practice and are now more likely to carry out marginal excision procedures, especially in type-A hosts. In determining the optimum management for a patient with chronic osteomyelitis the data from our study should be of value.
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